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STIMMARY

A new back-reflectionX-raydiffractiontechnique,which eliminates
some of the principallimitationsand reducesthe remaininglimitations
imposedby conventionalsingle-fim back-reflectionmthou, was developed
throughuse of a multiple-filmcameracontainingfourparallelfilms
separatedby known‘distances.Diffractionangleswere calculate by
aeteminingthe changein radiusof the &iffractionring fromfilm to
film. In the analysisof a polycrystallineaggregate,the atomicspac-
ing of a particularset of crystalplanesin essentiallyone orientation
is determinedfrom the calculated&iffractionangle. Diffuseitiffraction
patternscouldbe analyzedby the multiple-filmtechniquewith greater
accuracythan couldbe obtainedwith conventionalcsmeras. Calibration
of themultiple-filmcamerawith a goldpowderstand@ for a set of
planeshavinga reporteaatomicspacing of 0.91008A yielaeaa possible
accuracyof the atomicspacingof approximatelyMX10-5 A.

A multiple-film-techniqueanalysisand a conventional-method
analysisof the sameX-raystrain&ata indicatedthat a more &etaile&
analysisof atomicstraincouldbe obtainedfrom the multiple-tilm
technique.

moImTIoN

The applicationof X-rq ammOti~ techniquesto a nondestructive
methodof stress analysis was made as early as 1925 (reference1); in
1930,back-reflectioncameraswere used to showthat,underfavorable
conditions,accuraciesobtainedfromX-rq strainmeasurementsof the
crystallinelatticewere comparablewith accuraciesobtainedfrom various
typesof straingages (reference2). The ~inciples of X-raystrain
measurementare &escribe&in reference3, whichshowshow onlythe back-
reflectiontechniquecan yielda reasonablestrainaccura6y.

Becausethe conventionalexperimentalmethodsreducethe precision
in aetemining interatomicspacingand restrictthe analysisto those
materialsyieldingreasonablysharpcliffractionpattern&,a new baok-
reflectioncameraand techniqzehave beenClevisedat the NAOALewis
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2 NACA TN 2224

laboratory.The multi@e-filmcameraand the teohnique,whiohpermit
precisiondeterminationof the latticespaoingfor the diffuse as well
as the sharpjMfYraotionpatterns,were tied & a
studyof SAJ3X4130 steeland the resultscompared
from conventionalanalysis.

Jumuwms AND TECBIVIQUE

The back-reflectiongeometryinvolvedwhen a

two-exposure stress
with thoseobtained

beam of ~aallel
X-raysof a singlewavele~ strikesa polycrystallinesp6cimenis
presentedin figure1. The beam selectso- thosecrystalsthatare
orientedto satiEfy the Braggreflectionand tie resultingdiffraction
from two differentorientationsof oryetalplanesis as shownin figure1.
Any referenceplanecontainingthe incidentbeamwill also oontain
diffraotcxibeamsfrom othercrystalsproperlyorientedso that the
diffractionis exhibitedas a conein threedimensionsor as a ring on
the baok-reflectioncamerafflm that interceptsthe cone of rays. H
the specimenis completelyhomogem-oueend withoutintm?nalor external
stresses, the dtifraotionring on the baok-reflectionfilm is a perfect
circle. H, however,internalstresseszu?e~sent or M externally
appliedloadsresultin a straindistributionamongthe orystals,all
the Mf’fraotingplanesno longer-have the samediffractionangleend the ,
Mffraotionring is no longera cirole. Precisionmeasurementof ring
radiusand the film-to-spec@endistanceis neededto calculatethe
diffractionangleby conventionalme-. The M.fferenoebetweenthis
angleand the dif??raotionangleat zerostrainWoates the stateof
strainof the diffractingcrystalsorientedto givethat particular
portionof the diffractionring.

The geometricprinciplegoverningthe multiple-filmbaok-reflection
methodis shownin figure2 in-whiohtwo (ormore)flat films’are mounted
parallelto one anotherand separatedby lmowndistances.Simultaneous
exposureof all filmsto the divergingconeof raysyieldssuocess$vely
laxgerMffraotionrings;the analysisof any two filmsdeterminesthe
dift’raotionangle. A multiple-filmmmera, designedto operateon this
~inoiple, is shownin figure3. Four studson the baok of thecamera
mountingplateare used to mountthe oamerain frontof the X-rqytube.
The smallscrews at the baok and on the sidesof the mountingplate
protideadjustmentfor the eix se~ted bronzebearingsthat supportthe
rear and outerbearingsuMaoe of film plateIV. A bronzebearingring,
fastenedto the frontof the mountingplate,restrictsthe frontbearing

* surfaoeof filmplateIV. A celluloseduet shieldis placed”over this
bearing ring.

.
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lWA TN 2224 3

3’ilmplateIV has a centralholefor insertionof the removable
frontand rear collimatingtubes;thishol!eis conoentrio-with the center
post and the outer bearingsurfaoe. An annul= brassgearmountedon the
peripheryallowsthe entirecamerato be oscillatedby a smallelectric
motorwithinthe kbdts definedby the screwstopson the gear surfaoe.
The film coverplateand film platesI to III,whichare segmentedto
allowradiationto the fourthfilm,are.positionedby dowels;all plates
are attachedby sorswsto film plateIV. A brassring of special
contourmountedon the film coverplateserveses a lighttrap in
conjunotionwith a matingaluminumplatein the stationerylightshield.
The lightshield,which cl~ps to the cemerahousingwith threespring
dips, servesthe dualpurpose of r=trictiw the po~ion of we dfi-
fraotion ringto be =~zed as well as keepingnormallightfrom the
film. The 30° openingin the stationerylightshieldis coveredwith
blackpaper. TQe sectorguard,mountedabovethe lightshieldon the
centerpostof film plateIV, permitstwo exposuresto be tekenwith
eaohfilm set.

The film soriberrotateson the centerpost and the film plate
surface,and the needleis adjustedby a smallthuuibscrew. All critical
partsof the cemeraand scriberwere maohinedwithina toleranceof
AO.0002inoh. A precisionoheokshowedthat the dimter of the scribe
circlescouldbe measuredwithinan averagedeviationfrom the mean of
0.003millimter,whereas the maximum deviationencounteredwas
0.007mlllimetere

EmmmENTAL EROOEDURE

Filmfor tie cmera is cut on specialtemplatesto the shapesshoym
in figure4 in orderto allowthe Mffraotion~atternto reaoheaohfilm
withoutinterference.Films=e cut slightlyoversizeto preventtilt-
ing of the plates~ irregularfilm edges. In the loadingprocedure,a
film is set in place,the plateaboveit is sorewedintopoeitim, and
an arc of knownradiusis soribedon the film in the areawhere it will
be exposed. The otherfilmsare plaoedand scribedsimilarly,carebeing
takennot to tiltthe plateswhen tightening,them(fig.5). The station-
ary shieldis snappedintoplaoeand thenthe sectorguardis locatedto
exposeone-halfof the film.

The mtuerais plaoedon the tubemountand alinedto-irradiatethe
desiredportionof the specimen. An X-raygeneratorwith portabletube
mrovidesthe sourceof radiation. The cemeranmunting(fig.6) is
;qui-ypedwith a &rivemotor
specimentablepivotsabout
specimenangle. Loadingis
-W weimts.

and switoh for cameraosciliathh The
a ftiedpost to allowcontrolof beam-to-
effeotedby a cantileverarrangementwith

.
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4 NACA TN 2224
.

Afterone exposureis cmpleted (aw_teQ 2 m), tie sector
guardis resetto exposethe remainingfilm and the oscillationlimits &

are accordinglychanged. The cameraIs rotated180°for thissecond
exposureso that @ jaoentexposureson film I indicateoppositesides
of the diffractionpattern. This p?ocedureenablssa correctionto

2
4

be made for platetiltingor besmmisalinement.Let ~ -,4
d

itiicatethe atomiospaoingsas dei%mined from the firstexposure(left
and ri@t side of diffractionri~, re~peOtfvelY)~ ~ ~ BR

indicatespaoingsdeterminedfrom the secondexposure(fig.4). lbr
diffractionfrom a standardpowder,the condition~ = + = ~ = ~
indioatesa properbeam alinementand platepositioning.However,if
~ = ~, AL = ~, but ~ # ~, the film platesare probablytilted;

●

ad if ~ = ~, + = ~~ but & $ +3 a ~sa~~~nt .ofme X-raY

besm,whioh can consistof beam angulqr~tyand beam centerdeviation,
Zs indicated.

The stationaq shieldpermitsonly a portionof the diffraction
patternto be photographed,and eaoh layerof film rotatescompletely
throughthe irradiatedarea. Any radialsectoron eaohfilm receives
the sam radiationas anothersectoron it or on any otherfilm. In
thismanner,I&m irregularityand variationin absorptionof the blaok-
paperlightshielddo not causemy irregularityin the patternon the
film. The onlyirregularityin the finalpatternis due to film
responseandmay be averagd by analysi~alongseveralradii.

When the cemerais miloaed, ~ ~os~e n~~ ~ sorat~ed on
the film. Film I is developedfor the normaldevelopmenttime and
filmsII to IV are over-developedfor successivelylongerperioti,
respectively,so thatthe resultingdensityof all films is approximately
equal. Afterprocessingandwashing,filmsare spundriedto’removeany
watermsrlmand thenhunghorizontallyuntilcompletelydry. The fil?ns
are themmountedin a specialholdingplateon a mioro@hotometerwhere
theirdensityfluctuationis reproduced- magnified. A reference
d.roleof 88.877ii).005WL1-t- ai-ter on w ho~iq Plateall-
an aoourateshrinkageoheckin conjtictionwith the soribeciroleon the
film. Radiusmeasurementsare possi%leon the filmbecauseof the oemera
concentricityand the aocuraoyof the scribecirole. ,

CAMERACAIJBIMTON

Becausethe diffractionradiion any two of the four diffraction
fibs o= definetie Mffraotion qle, sti v~ues of tie d~~tion
angleare possible. TM averageof thesevaluesis used to determins
the atomic,spaoing. The consistencyof thesesix readings,determined
from the averagepercentageof deviationof the tangentof the MffraOtiOn

#
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I?ACATN 2224 5

anglefrom the mean value,is an indicationof the reproducibilityof
any singled-valuein a givensetup. For most of the data,this average
deviationof the tangentwas lessthankO.2 percent,which representsa
differencefi the spacingof the 310 planesin steelof almut@xlO-s &

Severalcalibrationexposuresweremade on a gold-powderstandard
for whichthe atomicspacingof the 420 planeswas 0.910084.00001 A
,(reference). The preliminarycalibrationwith a 0.060-inch(0.152mm)
collimatingsystemand gobaltK& radiationyieldedd-valuesfrom .
diffraction-ringredlus measurementsas follows:

Emosure A Ezmsure B
- (A)

Left side of ring ~=o.91013 ~

Rightside of ring + = 0.91015 1$

Ring tliemeter/2.

Because. ~=B’R=~=BR
&xlO-a A, no misalinanent
platescan be detected.

A sharperMiYraction
when O.040-inch(0.102mu)

.91014 ‘-

withinthe &pected

of the X-r~ beam or

patternwas obtained
collimatingpinholes

- (A)

= 0.91009

= 0.91018

.91014 -

reprduc ibilityof

tiltingof the film

f%m the samestandard
wehe used and the cobalt

X-rqytubewas replacedwith a new one. The followingdatawere obtained:

lkposureA ExposureB
(A) (A)

Left sideOf ri~ ~ = 0.91022 ~ = 0.91022
Right side of ring ~ = 0.90990 ~ = 0.90989
Riw fii-ter/2 .91006 .91005
Averaged-value .91007 .91006
(correctedfor
misalinement)

Because ~ = % ~ = ~~ but ~”# 1+ be~ misalinementis present.
The actualmagnitudeof the misalinementin only severalhundredthsof a
degree. It is difficultto removebeammisalinemententirelyin a
portable-tube
the described
meastiement.

setup;correctingthe misalinementcan be achievedwith
Mffractionmethodbecauseit employsa precisionradius
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6 NACA TN 2224\ .

The possibleaccuraoyis indicatedby comparingthe data obtained
-with the two collimation+ the referencefor a gold-powderstandard.
The mexinmmdsviationfrom the mean of thesethreevaluesis 4,3x10-5A,
which is in the seineorderof magnitudeas the reproducibilityIn a 3
givensetup. 3

LRdITATIONSOF COITVENTI’bNALBACK—REFLECTION TECHNIQUES .

With a convationalsingle-filmback-reflectioncamera,somemeans
must be employedto determinef’il.m-to-spechuendistance. Some investi-
gators(references3, 5, and 6) employa calibratingsubstance(generally
an annealedpowder)of knownatcmicspacingthat yieldsanotherdif-
fractionring on the back-reflectionfilm. When the diffractionangle
of the calibratingsubstanceis known,the film-to-specimendistancecan
be calculated.A shple proportionbetweenthe radiusof the unknown
ring and the standardring is sufficientto determinethe unknowndif-
fractionangle. Certaininaccuracies,however,are inherentin this
meth@. 3Y th? standardpowderis appliedin the form of a pasteto the
spec-n surface,etiremecaretit be exercisedto maintainan equitable
WiLancebetweenthe diffractionfrom the powderml from the spechen.
The standardpowder increasesthe general backgroundlevel,whichpro-
hibitsuse of thismethcdfor specimensthat do not yieldhigh-contrast
diffractionpatterns. ~ alternativeof thismethodis to applythe
standezfibeforeor af’l%r exposure of the specimenby meansof tape,but
exin?emecaremust be takennot to move &e spechm duringapplication.
Also,the accuracyof placementof the standa?ilwithinthe required
tolerancesis questionable.Regardlessof how the powderis applied,
correctionsare a necessitybecausethe calibrationring actuqlly
itiicatesthe distanceto the effectivesurfaceof the calibrating
substance,whereasthe MiYraction &cm the specinenindicatesconditions
existing perhaps0.001inchbelowthe specimensurface. For exposures
wherethe incidentbeam is perpendicularto the specimensurface,the
correctionwouldbe the samefor oppositesidesof the diffractionring;
%ut -forinclinesexposures,a differentcorrectionWoula be necessary
for eachside of the ring. Few investigatorshave made measurementsof
diffractionradiusand are contentwith assumingthatmeasurementof one-
half of the ring aiater is implicativeof the averagebehaviorof the
two sets of crystalorientationsbeingstudied.

The applicationof @cwdersto irregularsurfacesalso ~ses limi-
tationson the versatilityof the methd. Furthermore,analysisof such
data is sub~ectnot onlyto errorin the measurementof the specimen
diffractionpatternbut in the patternof the calibratingsubstanceas
well.

.
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Otherinvestigators(references7 and 8) have been dissatisfied
with the use of calibratingsubstmces and have devisedspecialgages
and fixturesfor measuringfilm-to-specimendistance. A direct-acting
contactgage shouldbe avoidedbecausecontactat the pointof X-ray
@qement on the spec~n surfacecouldmar the specialsurface
finishnecessaryfor diffractionstudy. Some type of feelergagemust
thereforebe usedbetweentliecontactgage and the specimensurface.
Thisrequirementlimitsthe precisiontothe aocuracywithwhich the
feelergagecan be placedbetweenthe contactgage and the syeclmen.
A precisiondial indicatormay be used as the contactgage and can give
sufficientprecisionfor measurementstakenwith the X-ray beam perpen-
dicularto the spectmensurface. For inclinedex@uresz however,the
sidepl~ of the dial indicatoras well as the roundedtip cifthe instru-
mentmustbe considered.With thismethod,it is believedthat precision
withinseveralten thousandthsof an inchIs highlyimprobable.Realizing
this,soresinvestigators(forexample,reference7) attemptedto measure
the film-to-specimendistancealongsame otherlineparallelto the beam
line;thismethcdnecessitatesthe use of specialJigsand fixturesand
placesconsiderablelimitationon the size and shapeof the specimen
beingstudied. Furthermore,with,allmechsnicaldistancegagesthe
assumptionis made that the beam is perfectlycollimated.Any deviation
in the effectivebeemfrom the centerline of the collhnatorcan cause
considerableerrorin the inte~etation of the inclinqdexposures.

Afurther objectionto all thesemethodsof film-to-specimen
distancedeterminationis thatthe setupmust be so$rigidthat no move- .
ment occursbetweenfilm and specimenduringexposureandaftermeasure-
mentshave beenmade.

One of the outstandinglimitationsof the conventionalba6k-
reflectiontechnique,whichrestrictsboth choiceand preparationof
specimenmaterial,is thatresombly sharpdiffractionlinesare neces-
sary. A stressaccuracyof MOOO poundsper squareinch in steelis
consideredvery satisfactory(references4 and 6). Unfortunately,
materialof sufficientstrengthfor use in aircraft-enginecomponents
usuallyyieldsa low-contrast}diffusediffractionpattern. Deep etch-
ing can improvethe diffractionpattezmfrompuch amaterial but may
alsoeffectthe ldtticeparameter(reference3) or, in the caseof a
specimenunderload,resultin surfacestrainindicationsfar lessthan
the actualstrainbeneaththe surface.

AnalYsisof the diffractionpatternto find the ce&er of the peak
presentsseveralproblems. For diffuselines,the measurementof the
centerof the peakwidthat half-maximumintensitycan resultin an error
intie determinationof the q peskas largess one-thirdthe q%

peak separation(reference9). Addedto this erroris one characteristic
of X-r~ film that is a considerablesourceof difficulty- the irregular

. . . . . . . . . . . . .-. . .. . .. . . .-. —-— ..-. . . ..—————— --—.-~ ,-. <.-...- -.——- ---—— . . . .. . .
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8 NACATN 2224

respctieof the relativelylarge-grained.high-speedfilm. The micro-
photometertraceof a diffusediffractionpattern(fig.7) shuws.this
irregularityand its relationto the peakhei@t. Inasmuchas con-
ventionalanalysiswouldnot locatethe peak ~ition on the film
(fig.7) withinM1.01millimeter,whichrepresentsthe desiredstrain
accuraoyof ~10-5 A, new methodsof analysishad to be devised..A
strainaccuracyof &&10-5 A represents~2100pouds per squareinch in
steelfor the two-exposurestressmethod.

In the interestof shortexposures,largebemn sizesare employed
in X-raystrainstudies. m a~eciable beam spreadis expected,but,
in addition,an angularityof the effectivebeqn as well as an uneven
intensitydistributionaorossthe beammay exist. Unlessextensive
calibrationsare made thatdefinitelyestablishthe magnitudeof these
two components,errorsin the determinationof the cliffractionanglewill
result&cm “me&cdsemployingcalibratingsubst=ces as
employingmechanicaldistanoegages.

AdvantagesOF MUL--J?3IM TEOHNIQUE

The advantagesof the multiple-filmtechniqueover

well as ti-ose

the conventional
single-ftlmmetti-dsare mamy. C&npleteel=na~ion of accurately
determiningfilnl-to-speclmandistancealsoremovesthe limitationson
the shapeand size of the specimento be studied. Furthermore,the
film~ be employedto best advantageby eliminatingthe extradtP-
fraotionpatternfrom the calibratingsubstance.Specimenshavingweak
and diffusepatternscan be-reliablyanalyzedby accuratelocationof
the cliffractionpeak from the specimenalone. Absoluterigidityof the
setupis lesscriticalbecauseany accidentalmovementthat occursduring
exposurewill effectall filmssimilarly.

The use of a stationarylightshieldis especiallyimportantfor
strainstudiesbecausethe d~actea be~ beingphotographedis l~tea
to onlythosecrystalsin approximately the same stress,field..The
stationaryshie~ alsomakespossiblethe analysisof the diffraotiori
ring alongany radiusoverthe completeexposedsector,as previously
described;thereforewedlserandmore cliffuse patternsthan can be
analyzedby conventionalmethodsmq yieldreliableresults.

The multiple-fiti t@nique decreasesthe errorassociatedwith
peak center determination.Inasmuchas the MfYraction for any single
wavelengthcan be assumedto be a parallelbundleof X-r~s, the traqs-
~ositionfrom-filmto film of any re~sentative portionof the peak
shouldbe the same. This similarityalIbwsirregulxq?itybetweenthe
fourfilmsto be consiikmedin the analysis. The techniqueemployedin
this investigationis to determinethe centerof areaof the al dif-
fractionpeak above acme arbitrarybase levelestablishedabovethe

—-—.. — ---- ,---- . ..—. . . . . . .. . . ,.{,. . . . . . . . ... ,.. !..~’, . .. . . . :.’,” ‘. -.. .
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q w- ~ Mf’fusediffractionpatternsare encounteredwhere the ~
peak cannot be discernedand if the oenterof area of the peak above
some mbitrary base levelis usedto indioatethe transpositionof the
al peak,an errorin determiningthe Mf’f’ractionanglewill result
becausethe peakbeingmeasuredcontainsboth q and q M1’fraotions.
The errorq be reducti,however,by det~u me tr~position of
somerepresentativepointin the areathat is predominantlyin the q
region. ,

DiffuseX-rayMffraotionpatternshave stronglylimitedcon-
ventionalX-r~ techniquesas appliedto strainstudies. Difficulty
of interpretationof diffusepatternsis to be expect.gd.Becausethe .
Mffuse pattezmis indicativeof a valance in the atomicspaoingsof a
polycrystallineaggregate,no definitespaoingof the atomic,planescan
be determined.The advantegeof the multiple-filmtechniquein this
ease liesin the re~cducibilityof the methodbecauseonly relative
valuesaxe requiredin strainanalysis.Henoe,any particularspecimen
yieldinga MS’fu8epatterncan be subjectedto variousloadsand a reli-
able indicationof its responsecan be obtainedby investigatingthe
behaviorof thisd-e patterntith the multiple-filmteohnique.

The Mfficulty af obtainingparallelcollimationwith largepinholes
has beenmentioned,and the effectof poor collimationin the multiple-
film techniqueis smallcomparedwith the effectof similarcollimation
on single-filmmethods. Beam centerdeviationand beam angularitycan
be determinedfrom a singleexposureof a standardand co?n?ectionscan
be madefor thesefaotox%!in all otherexposureswith the sameX-rq
tubealinement.

APPIZCATIONOF MJETJHZ-F’ILMT13C@ZtQ~

To ATOMICSTRAINS’ruDm

A conventional.%wo-expwu?estressstudywas made
bendingspecimenof SAE X4130steel. The specimenwas
acrossthe rollingdirectionof a hot-rolledPlateand

on a cantilever
originallycut
then carefully

machinedand.gro& so that eaohmaohiningop~ation removedthe co~-
worked4yer from the previousone. Afterquenohingand temgeringto a
Rdmrell C hardnessof 30, tie-sl?ecwn was furthertreatedby keep-
ing it at a temperatureslightlybelowthe lowercriticaltemperature
and then coolingslowly,whichresultedin a RoclmellC hardnessof 23.
The suzzt’aceto be exeminedwas metallurgicallysandedand then lightly
etoh6d. Thistreatmentproduceda ratherdiffuseM$fractionpattern
(fig.7) thatwas desirableto illustratethe use of the multiple-film
cameraat nonoptimumdiffractioncmilitions.The spec~n was then.

. ... . .______ .. ... . .... . .. ..-—.—=- . . . . .- ---- — .. ..— -—-:—-. .. .-— .—. .-—--- —-
..-, ,.: ..-. ., ... >,,,. . . ,.



10 NACA TN 2224

loadedin bendingas illustrattiin figure6 and at”each stresscondition
two exposuresweremadewith the multiple-film mmsra. One defining
exposurewas taken-withthe beam perpendicularto the specimensurface
and the otherwith the beem at 45° to the surface.

The behaviorof the 310 @anes in SAE X4130steelwas obtainedwith
cobaltXh radiationand the O.060-inohcollimatingsystem. AtomioSPSC-
ingswere calculatedfromthe diametermeasurements.of the cliffraction
ring in each instance,and stresseswere calculatedfrom the conventional
formula(reference8):

“x=r%)@J(*) ‘
where

.

CJx X-rqfstress(principalstressalongintersectionof specimen
surfaceand a planecontainingboth incidentX-reybesms)

~ spacingfor inclinedexposure
.

al spacingfor perpendicularexposure

v incidentanglefor iuliqea exposure(4*)

v Poisson’s ratio (0.28)

The resultsof thesecalculationsere givenin the followingtable:

Appliedstress,0 X-raystress ox
(lb/sqin.) (lb/sqin.~

Loaaing
I

o I -6,000
30,000 29,000
50;000 -49;700

Unloaaing 30,000 30,600
0 . -4,700

Valuesin the precedingtableseemto indicatethatthereWS8 an initial
compressionin the spec3men. The closeagreementbetweencalculated
X-r~ stressesand the applieilstressesat 30,000and 50,000poundsper

.

.

.
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squareinchsug&eststhatthe componentatomicstrainsat thesepoints
are also in aooordwith strainsthatcan be calailatedfrcm the average
elastioconstants.

The camponentatomicspaoingsthatwere calculatedfrom radius
measurementsof the samediff%aotionringsare presentedin figure8
where AL and + are the d-valuesfor the perpendioul.arexposure,
leftand rightside of the dlffraotionring,respectively,aid ~ and
~ are the d-valuesfor the co~eswtiing inclinedexposure. The
dashedlinesindioatethe theoreticald-valuesas calculatedfor the
differentorientationsfromreferenoe7 sa follows:

a

a.

u

E

v

P

atmic spaoing

atomicspaoing

appliedstress

[ 1d = do + ~ do (l+V) COS2 P-V

at

at

appliedstress

zerostress

Young’ s modulus (3xlo7 ) “

Poisson’sratio (0.28) *

anglebetweenperpendicularto 310 planes&d directionof
prinoipalstrain

The atomic@anes of orientation~, ~, and ~ shownin fig-
ure 8 behavein muoh the samefashiones predictedfrom calculations
with macroscopicelasticconstants.The planesof orientationAL
exhibitan increasedstrainaooeptanoe.

A mmparison of stress valuesgivenin the preoedingtablefor a
conventionaltwo-exposurestressstudywith atomicspaoingin fIgure8
showsthat: (1)AlthoughX-raystressvaluesfor 30,000poundsper .
squareinohare in very goodagreementwith appliedstress,thisagree-
ment seemsto be the resultof compensatingtrendsin the strain
aooeptame of the variousplanes. (2)The zerostressreadingsin the
tableindloatecompressionin the specimen,but, aooording-to figure8,
only one set of planes (AL) arecontributingto this compression.
Actually,this set of planesis itiioatingresidualtension,whereas
the othersets exhibitpracticallyno residualstress.

X-ray
Irregularitiesof the type just
straininvestigation but can be

.

.

disoussedmightbe p?esentin any
detectedonlyby a back-reflection

.- —-- - . . . .. .. . . __ ____ ____ ________ ---,. ,..:,.-. . . . . . . . . . ,,. .
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methodthat allowsaacurate
The multiple-filmtechnique

lWWA TN 2224

determinationof diffractionringradius.
is one suchmethodand oan yielda more

precisedeterminationof atomic-strainbehavicm.

COl!lCLtJDINGREMARKS

Some of the prinoipallimitationsimposedby
reflectionmethodshave been entirelyremovedand

conventionalbaok-
othersconsId.erably

reduoedby the multiple-filmbaok-reflectionteohnique. Patternstoo
d~use for conventionalanalysiscan be analyzedby the multiple-ftlm
techniqueto a precisioncomparableto thatreportedfor sharppatterns
with conventionalmethods. The problems,whtohthen drise,concernthe
_sfi of the behavior~at W Nicatw by measurauentsthusmade.
The full significanceof the behaviorof a diffusediffractionpattern
from a materialunderresidualstressor appliedloadhaa yet to be
evaluated.The multiple-film techniqueis one methodthat can be
employedin this evaluation.

Reoently,nmre ftiamental investigationsof atomicstress-strain
relationshave beenmade that attestto the valueof’the X-ray
diffractiontechniquefor basicstratnstudy. Thesestuaies~re
carriedoutwith conventionaltechniquesmere Mffractton &lsmeters
ratherthandifY’raotionradiiwere used. Suoh~thods &o not yield ss
ocxupletean insightintothe stressbehzmiorof the mystallographio
planesas wouldbe obtainedfrom radiusmeasuremmrbs.The multiple-
filmback-reflectiontechniquecan yietia more exactinganalysisof
basicatomicstrains.

LewisFlightPropulsionLaboratory,
IiatfonalAdviscn?yCommitteefor Aeronautics,

Cle~land, Ohio,June 22, 1950.
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Back-reflection
film I

NACA TN 2224

1
.

Figure 1. - Diffractionof monochromaticX-radiation ●

from polycrystallineaggregate

.

Film II

Figure 2. - Geometry of multiple-filmcamera.
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Figure 4. - S9mplediffractionfilmsfor SAE X4130 steel.
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Figure5. T
- llcadingandsorlblngoperationwith multiple-filmoamera.C-22697

-6. - wrhent-al setupfor ME X4130 steel oheck run.
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